Soil contamination is a public health concern in many countries, but methods to assess dietary risk from soil metal toxicity have not been standardized worldwide. Laboratory data on urban soils is limited and does not adequately link metal content to associated food plant uptake. Cadmium accumulates in lettuce leaves and may be consumed at dangerous levels by childbearing women.
Introduction
Soil contamination from heavy metals is a potential problem on many urban soils. Many community gardens are established on sites that are unsuitable for other purposes and that may be contaminated with a high content of heavy metals. There is little information available to urban residents to assist them in estimating relative dietary risk for different crops on different soils with similar contents of heavy metals.
Dietary risk from urban garden soils results from combinations of soil properties and from bioavailability of contaminants, rather than from total elemental concentrations. Plant uptake of contaminants (called phytoextraction in CRC Press, 1999 ) is a key to dietary availability. Food quality may be reduced when heavy metals from soils enter garden produce and are consumed by humans. The presence of the metals may directly affect human health, or may have indirect effects on plant physiology that reduce nutritional value or the quantity of the food. Food crops popular in urban gardens differ both in plant uptake patterns and human nutritional value (Campe et. al., 1997) .
The kidney diseases associated with cadmium overdose appear to selectively impact pregnant women, women after multiple childbirth, people with insufficient nutrition (insufficient dietary iron, zinc, and calcium), and older people (Mengel and Kirby, 1982; Chaney and Ryan, 1994) . Estimates of dietary risk may differ from expected values for the above groups because the recommended daily value for intake of nutrients in the United States (DV) is based on a daily diet of 2000 calories which is appropriate for most women, teenage girls, and sedentary men (USDA, 1993), but not necessarily for these groups. Chaney and Ryan (1994) noted that the cadmium danger to humans was possibly overestimated under normal nutrition and dietary patterns in the USA. Urban gardens, however, may supply an extraordinarily high proportion of vegetables in diets of low income persons without adequate access to vitamin supplements, nutritional variety, and basic health care.
These citizens may also suffer disproportionate environmental risk due to their low economic and socio-political status in some urban areas. Sources of cadmium in urban soils include materials likely to be on-site before establishing gardens such as geologic materials (Allaway, 1968) or industrial waste from nickel-cadmium battery factories. Potential additions of cadmium during redevelopment of the site include sewage sludge or biosolids containing industrial wastes (Barbarick et al, 1998; Moolenar and Beltrami, 1998) , glacial moraine dust as byproducts of aggregate manufacturers (Campe et al, 1997) , and traditional agricultural fertilizer mixes containing both phosphorus and cadmium. Despite the risk, contaminated garden sites and inexpensive fertilizers may be the only option for these citizens to supplement their diet with familiar crops while also providing spiritual and physical outlets.
A variety of garden and field crops have been monitored for uptake of soil cadmium including oat leaves (Lakanen and Ervio, 1971) ; chard and lettuce by various researchers (summarized by Cheney and Ryan, 1994) ; alfalfa (Ibekwe et al, 1996) ; maize, lettuce, garlic, spinach (Lehoczky et al, 1996 (Lehoczky et al, & 1998a ; vineyards and maize (Moolenar and Beltrami, 1998) ; and winter wheat (Barbarick et al, 1998) . The choice of garden produce for evaluation (tuber, leaf, seed, or fruit) has a major impact on the potential plant uptake of different metals from the soil (Lehoczky et al., 1998a; Cheney and Ryan, 1994) . Another factor in evaluating soil-plant bioavailability is the plant growth stage for chemical analysis, because the cessation of leaf growth indicates the maximum accumulation of metals such as cadmium that selectively accumulate in leaves (Lakanen and Ervio, 1971; Mengel and Kirby, 1982) . Chemical analysis of plants and soils requires synchronization to capture the maximum level of human dietary risk and potential malnutrition or disease (Allaway, 1968; Campe et. al., 1997) .
Soil cadmium correlated with plant uptake by 44 day oat leaves (Lakanen and Ervio, 1971 ) and 28 day lettuce leaves (Lehoczky et al, 1998a) in pot experiments with Cd salts. Lakanen and Ervio (1971) determined that the acid ammonium acetate/EDTA extract was most effective to measure bioavailable soil cadmium in oat leaves. Lehoczky and colleagues (1998a) used the recommended LE extract to study cadmium uptake by lettuce and identified a plant available cadmium fraction as 65.5% of total soil cadmium. Lettuce is a good indicator crop for cadmium studies because it accumulates the metal in the edible portion. The leafy greens can be ready for consumption in as few as 28 days after planting, allowing repeated harvests during the same growing season. Also, lettuce is grown in many countries at low cost in both kitchen and community gardens (Lehoczky et al., 1998a; Campe et al., 1997) . In agreement with metal interactions described by various researchers and summarized by Allaway (1968) and Lindsay (1974) , Chaney and Ryan (1994) used a soil cadmium /zinc ratio as a measure of soil contamination with a threshold of 0.015 for human dietary risk.
The objective of this study is to develop a method for evaluating soils in urban settings that are potentially contaminated with cadmium or other metals. The hypothesis is that the LE bioavailability factor (total soil cadmium * 65.5%) correlates with the cadmium/zinc ratio in a positive linear relationship.
Methods
Soil samples from depths of 0-30 cm were combined within each site following standard methods (USDA-NRCS Soil Survey Staff, 1996; Stroganova et al., 1998) . Urban garden, urban park, and mixed sites were sampled and analyzed by USDA-NRCS (1997 and and Moscow sites were sampled and analyzed by Stroganova and colleagues (1996) . We analyzed samples within each site using linear regression, correlation, and scatterplots (SAS Institute, Inc. 1988) for four variables (total soil cadmium and zinc contents, cadmium/zinc ratio, and LE bioavailability). We explored dietary risk thresholds of 1) total soil cadmium/zinc (Cd/Zn) ratio over 0.015, and 2) LE factor above 2.5 (65.5% of total cadmium).
Cadmium was extracted from soil with nitric acid (HNO 3 ) for all four sites followed by three types of spectroscopy -Inductively Coupled Plasma (ICP) for urban park and mixed site, X-Ray Diffraction (XRF) for urban garden, and Atomic Absorption (AA) for Moscow site. The extract for the LE bioavailability factor was ethylene diamine tetraacetic acid (EDTA) followed by AA spectroscopy (Lakanen and Ervio 1971; Lehoczky et al, 1998a) . Specifically, the sieved soil was extracted for 60 minutes in a 1:10 volumetric ratio with 0.02 M EDTA dissolved in acid ammonium acetate, pH 4.65).
Results and Discussion
Cadmium and zinc levels are generally higher in the soil samples from the USA than in samples from the Moscow area (Table 1) . Correlation between the Cd/Zn ratio and the LE factor is positive and statistically significant for samples from an urban garden and urban park in the USA. Other urban soils show weaker relationships between the two estimates, and few soils are considered a potential dietary risk by either estimate. The two estimates appear to work well in identifying dietary risk from cadmium only when both thresholds are met. Cadmium and zinc contents tend to increase together and to correlate fairly well with the LE bioavailability method (Table 1) . Total cadmium and zinc contents are poor predictors of the cadmium bioavailability by the Cd/Zn ratio method. Different sources of soil cadmium may contain various levels of zinc, and the magnitude of extractable zinc far exceeds that of extractable cadmium. Cadmium and zinc are chemically very similar. One difference is that cadmium has a higher affinity for thiol (SH) groups in human physiology (Mengel and Kirby, 1982) which causes more health problems. Comparison of total metal contents from different extracts and spectroscopy methods may have introduced error to the analysis (Table 1 ). The urban garden and park sites have the highest cadmium contents and the best correlation between the two bioavailability methods (Figure 1 ). The other two sites include a wider variety of land uses and spatial groupings that may have contributed to the poor correlation among bioavailability estimates. Cadmium/zinc ratio appears to work best for lower total soil cadmium content and more diverse sites.
Soil solution chemistry and physical properties govern cadmium availability to plant roots for uptake. Dietary risk from urban soils can be linked indirectly to the soil properties listed in Table 2 . There are few specific indices for estimating metal dynamics in soils related to plant uptake of metals (phytoextraction) beyond physiological plant needs. Soils can sequester metals in chemical bonds within aggregates (Scheyer, 1998) . Soil pore space and chemical gradients affect the movement of chelates into the root zone where the attached metal species are released for translocation into the plant (Lindsay, 1974; Stevenson and Fitch, 1986) . Lehoczky and colleagues (1998b) showed pH KCl to be linearly related to cadmium uptake by lettuce from the soil. Differences in soil cadmium availability may eventually be quantified into factors by soil type as a function of properties but it is difficult to combine existing soil-based studies (Table 2) . Bulk density (dry) 1.5 kg/l n/a n/a Porosity 0.43 n/a n/a Water Content (volumetric) 0.15-0.30 ml/ml n/a n/a Organic Carbon Content -% 0.2-0.6% n/a high (biosolids) A c i d i t y ( p H ) < 6 . 8 3 . 5 < 6 . 0 Aggregate Size (modal) -mm 0.5 see texture n/a Cation Exchange Capacity n/a n/a >15 mg/100g A detailed example of soil cadmium estimates is presented for the urban garden site where LE factor correlates significantly with Cd/Zn ratio (Table 3 ). In the first urban garden area including sites 1-12, the mean ratio (mean1 = 0.009) is below the threshold of 0.015 for risk that was cited by Chaney and Ryan (1994) . The mean values for this area mask potential risk in a few hot spots. The second garden area including sites 14-15 (with mean 2 = 0.016) has a mean Cd/Zn ratio above the threshold and appears to have risk throughout. In this case the mean ratio represents the garden area, although conservatively, and does not mask areas of greater or lesser risk. LE bioavailable cadmium showed trends similar to those of the Cd/Zn ratio in the two garden areas. Sites with Cd/Zn ratio of 0.014 or higher showed LE bioavailable cadmium above 2.00 mg/kg and total Cadmium above 3 mg/kg. Sites with Cd/Zn ratio just below 0.015 but with total cadmium between 2 and 3 mg/kg had LE bioavailable Cd around 1.5 mg/kg.
The relative location and size of sites within the garden was not recorded but would be available from a detailed soil sampling plan or could be shown on an intensive soil survey map. The risk at sites above the threshold may be diluted during harvest unless each site is large enough to produce a separate package of produce. High intensity soil surveys are effective tools for investigating the spatial distribution of contaminants at potential garden sites and to provide interpretations of critical soil properties (Scheyer, 1999) . Similar assessments of urban soils are gaining recognition in other countries (Vassenev, 1998) . (Chaney and Ryan, 1994) 2 Bioavailable Cd = total Cd (65.5%) by the Lakanen-Ervio (LE) factor (Lehoczky et al., 1998a) Site #13 is mean of 1-12, site #16 is mean of 14-15.
Conclusions
It is notable that research from many nations was combined in this study. This resulted in a combination of two existing estimates from the literature, Cd/Zn ratio and LE bioavailability, to identify soils at risk. We explored thresholds for both the cadmium/zinc ratio (0.015) and the LE bioavailability (2.5 mg/kg) which is a fraction of total soil cadmium and found that risk is highest when both thresholds are met rather than either one alone. This study focussed on cadmium bioavailability for uptake by lettuce in urban gardens. However, the method developed in this study can be applied to other metals associated with plant uptake and dietary risk.
Further research is needed to quantify the variance in both bioavailability estimates due to soil type. Differences in extracts and spectroscopy may require separate factors. Integration of research results across studies is limited by the lack of conversion factors for different methods (combinations of extracts and spectroscopy) to compare total cadmium to the plant available fraction. Risk guidelines such as the combined thresholds from this study can assist citizens in using soils for community gardens, and in urban planning for multipurpose sites including gardens, playgrounds and parks in urban areas with potential contamination.
Research Needs
Soil management potentially can minimize plant uptake of contaminants from soils and the resulting risk of consumption in human diets. Differences in soil cadmium availability may eventually be quantified into a factor for each soil type where type = f (texture, OM%, CEC, pH, modal aggregate size, water content, and other properties).
We need to evaluate individual urban garden crops (leaf, tuber, fruit) in the same way that field crops (wheat, corn, rice) are researched separately in many experiments due to differences in physiology or growth habits. A matrix of garden plant attributes and basic soil properties is needed to develop schedules of companion plantings or crop sequences based on bioavailability of metals and relative tolerances of plants. The matrix would result in conversion factors among extracts and spectroscopy techniques so that information is easier to exchange among countries. The relationship of garden soils and plants could be systematically explored with minimal investment at each site and later expanded to include additional metals using the process described in this study.
Two key biomedical studies that would help us to link urban garden soils to human health are 1) long-term dietary cadmium accumulation in older citizens and 2) differential cadmium adsorption levels by certain women.
Foreword
Lead in the environment and its effect on the health of people is a matter of great concern to the Agency for Toxic Substances and Disease Registry (ATSDR). The Agency was established by the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA, also known as Superfund) to assess the public health impact of hazardous wastes in the general environment, to identify human populations at risk, and to effect actions to prevent adverse health effects from human contact with hazardous substances. The Agency's emphasis is on hazardous substances released from waste sites and substances released under emergency conditions (e.g., chemical spills). Lead left in the environment as hazardous waste is a matter of great public health concern to ATSDR.
ATSDR's concern about lead's toxicity derives from several factors. In a report to Congress, The Nature and Extent of Lead Poisoning in Children in the United States, published by ATSDR in July 1988, exposure to lead was identified as a serious public health problem, particularly for children. The report also identified six major environmental sources of lead, including leaded paint, gasoline, stationary sources, dust/soil, food, and water. For leaded paint, the number of potentially exposed children under 7 years of age in all housing with some lead paint at potentially toxic levels is about 12 million. An estimated 5.6 million children under 7 years old are potentially exposed to lead from gasoline at some level. The estimated number of children potentially exposed to U.S. stationary sources (e.g. smelters) is 230,000 children. The range of children potentially exposed to lead in dust and soil is estimated at 5.9 million to 11.7 million children. Some actual exposure to lead occurs for an estimated 3.8 million children whose drinking water lead level has been estimated at more than 20 mcg/dl.
CERCLA requires ATSDR and the Environmental Protection Agency (EPA) to jointly rank, in order of priority, hazardous substances found at sites on EPA's National Priorities List (NPL). The current list of prioritized hazardous substances numbers 275. The three criteria for ranking were frequency of occurrence at NPL sites, toxicity, and potential for human exposure. Lead is ranked as the number one priority hazardous substance. In view of this, exposure to lead in populations close to hazardous waste sites continues to be a public health issue of concern. ATSDR, in reaction to this concern, recently established a Lead Initiative to systematically review Superfund sites for which the Agency's Public Health Assessments indicate the presence of site-related lead contamination. The goal of this ATSDR initiative is to prevent lead toxicity in persons, especially young children, exposed to lead released from Superfund sites and facilities. For all sites on the NPL, lead occurred at 853 (66%) of the 1300 sites. Thirteen sites have been selected for in-depth follow-up in fiscal year 1992 by ATSDR scientists.
This report provides background information on the complex and interactive factors that environmental health scientists need to consider when evaluating the impact of lead-contaminated soil on public health. A definitive analysis of the impact on public health of lead-contaminated soil is limited often by a lack of information on human exposure factors and soil conditions. Each waste site, therefore, poses a unique challenge to the health assessor and each site should be assessed in terms of its own characteristics.
The development of action levels for lead in soil lies outside the scope of the present report. However, the health assessor will find the information in this report useful in characterizing the significance of exposure pathways and the importance of the physical and chemical properties of the lead compounds that may impact on persons' uptake of lead.
The correlation between lead-contaminated soil and blood lead (PbB) level continues to challenge investigators. Correlations cited in the literature are influenced in specific studies by many factors, including access to soil, behavior patterns (especially of children), presence of ground cover, seasonal variation of exposure conditions, particle size and composition of the lead compounds found at various sites and the exposure pathway. These complex factors explain in some instances discrepant findings that are reported in the literature.
The reader is cautioned that much research is ongoing to clarify relationships between lead in soil and the amount absorbed by humans. Therefore, the associations and mathematical relationships between soil lead concentrations and blood-lead levels cited in this paper should be understood as being what has been published in the scientific literature, but subject to change as newer information becomes available.
Barry L. Johnson, Ph.D. Assistant Surgeon General Assistant Administrator
Introduction
The Agency for Toxic Substances and Disease Registry (ATSDR) is mandated by the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA or Superfund), as amended by the Superfund Amendments and Reauthorization Act of 1986 (SARA), to perform public health assessments for all sites on the National Priorities List (NPL). Data from health assessments for the first 951 sites show that metals and volatile organic compounds were the contaminants most often detected, and these commonly migrated from disposal areas to groundwater. Metallic substances occurred at 564 (59%) of the 951 sites, with lead, chromium, arsenic, and cadmium being cited most frequently (Susten, 1990) .
The purpose of this analysis paper is to examine the relationship between exposure to leadcontaminated soil and the resulting impact on public health. The analysis will provide background information to ATSDR staff and other environmental health scientists responsible for preparing ATSDR documents, such as health assessments, health consultations, and emergency responses.
Emphasis in the analysis is given to the public health aspects of soil lead contamination at field sites. The analysis includes a review of the following areas: populations at high risk, sources of lead exposure, extent of lead poisoning in children, soil characterization, environmental fate of lead, bioavailability of lead, health effects of lead poisoning, correlations of soil lead and blood lead (PbB) in children, soil lead standards and recommendations, public health impact of exposure to leadcontaminated soil, general principles and limitations in field evaluations, and community prevention activities.
The Centers for Disease Control (CDC) Lead Statement for Preventing Lead Poisoning in Young Children is highlighted and provides guidelines on blood lead levels and childhood lead poisoning prevention (CDC, 1991) . Examples in the use of the EPA Uptake/Biokinetic Model (Version 0.5) for estimating PbB levels from multiple exposure pathways are included.
Data gaps, such as usage patterns and soil conditions that limit a definitive analysis on the impact of soil on public health are discussed to the extent that information is available. Therefore, the development of action levels for lead in soil lies outside the scope of this document. Interactive and complex factors associated with multiple exposure pathways for lead require a site-specific approach in order to develop meaningful action levels for lead in soil. Identification and discussion of soil remediation protocols are also not within the scope of this analysis.
Populations at risk
Preschool-age children and fetuses are usually the most vulnerable segments of the population for exposures to lead (ATSDR, 1988) . This increased vulnerability results from a combination of factors including: 1) the developing nervous system of the fetus or neonate has increased susceptibility to the neurotoxic effects of lead; 2) young children are more likely to play in dirt and to place their hands and other objects in their mouths, thereby increasing the opportunity for soil ingestion (pica--the eating of dirt and other non-food items--is more likely to occur in children); 3) the efficiency of lead absorption from the gastrointestinal tract is greater in children than in adults; and 4) nutritional deficiencies of iron or calcium, which are prevalent in children, may facilitate lead absorption and exacerbate the toxic effects of lead.
Among children, those in the 2-3 year-old age bracket may be most at risk for exposure to leadcontaminated soil. Mahaffey et al. (1982) reported that children in this age group had the highest PbB concentrations. This is also the age group in which pica tendencies are most prevalent (ATSDR, 1988) .
Sources of lead exposure
Several major sources of lead exposure have been identified (ATSDR, 1988) . Leaded paint continues to cause most of the severe lead poisoning in children in the United States. It has the highest concentration of lead per unit of weight and is the most widespread of the various sources, being found in approximately 21 million pre-1940 homes. Dust and soil lead--derived from flaking, weathering, and chalking paint--plus airborne lead fallout and waste disposal over the years, are the major proximate sources of potential childhood lead exposure. Lead in drinking water is intermediate but highly significant as an exposure source for both children and the fetuses of pregnant women. Food lead also contributes to exposure of children and fetuses.
Individuals may be exposed to lead through several sources. When evaluating a site, a health assessor should be aware of multiple sources of lead exposure and the additive nature of the risks. An important source of lead exposure in older homes is contact with interior or exterior surfaces that have been painted with lead-based paints. Some individuals may be exposed to lead from occupational or hobby sources or from other less-common sources, such as the use of lead-glazed pottery, stained glassworking, and target practice in poorly ventilated indoor firing ranges.
Extent of lead poisoning in children
The 1988 Agency for Toxic Substances and Disease Registry (ATSDR) report on the extent of lead poisoning in the United States estimated that in the 1984 standard metropolitan statistical areas 2.4 million white and black children aged 6 months through 5 years had PbB levels above 15 mcg/dl and 200,000 children above 25 mcg/dl. This would correspond to approximately 3 million and 250,000, respectively, for all children 6 months through 5 years in the total U.S. population.
The actual number of children exposed to lead in dust and soil at concentrations adequate to elevate PbB levels cannot be estimated with the data now available. However, the number of children potentially exposed to lead in dust and soil can be stated as a range of potential exposures to the primary sources of lead in dust and soil, namely, paint lead and atmospheric lead fallout. This range is estimated at 5.9 to 11.7 million children (ATSDR, 1988) .
Soil characterization
Soil is contaminated by lead from various sources (American Academy of Pediatrics, 1987) . Lead particles are deposited in the soil from flaking lead paint, from incinerators (and similar sources), and from motor vehicles that use leaded gasoline. Waste disposal is also a factor. Urban environments in general have received higher depositions of lead from vehicular emissions than have rural areas. In many lead-mining districts, the predominant form of lead is galena or lead sulfide. However, the mineral deposits in Leadville, Colorado, are unusual (Colorado Department of Health, 1990) . In Leadville, the mineral forms of lead are predominantly cerusite (lead carbonate), anglesite (lead sulfate), and massicot (lead oxide).
Wide variations in soil lead levels have been reported, ranging from less than 100 ppm to well over 11,000 ppm (National Research Council, 1980) . Natural levels of lead in surface soils are usually 19-10 below 50 ppm (Chaney et al. 1984; Reagan and Silbergeld, 1989) . Soils adjacent to houses with exterior lead-based paints may have lead levels of >10,000 mcg/g (EPA 1986 ). Que Hee et al. (1985) measured the lead content in samples of house dust categorized into fractions by particle size collected in Cincinnati, Ohio (Table 1 ). The Que Hee et al. study shows that lead concentration is generally independent of particle size and that the bulk of the dust particles are concentrated in the smaller size ranges. Note that 77% of the lead was present in particles smaller than 149 mcm. This distribution of lead in small particles would maximize intestinal absorption. 
Particle size and lead content of house dust

Environmental fate of lead
Air: Lead particles are emitted from automobiles to the atmosphere as lead halides (e.g., PbBrCl) and as the double salts with ammonium halides (e.g., 2PbBrCl NH4Cl); lead particles are emitted from mines and smelters primarily in the form of PbSO4, PbO.PbSO4, and PbS (EPA, 1986) . In the atmosphere, lead exists primarily in the form of PbSO4 and PbCO3 (EPA, 1986) . How the chemical composition of lead changes in dispersion is not clear.
Water: Lead has a tendency to form compounds of low solubility with the major anions found in natural water. In the natural environment, the divalent form (Pb2+) is the stable ionic species of lead. Hydroxide, carbonate, sulfide, and, more rarely, sulfate may act as solubility controls in precipitating lead from water. A significant fraction of lead carried by river water is expected to be in an undissolved form. This can consist of colloidal particles or larger undissolved particles of lead carbonate, lead oxide, lead hydroxide, or other lead compounds incorporated in other components of surface particulate matter from runoff. The ratio of lead in suspended solids to lead in dissolved form has been found to vary from 4:1 in rural streams to 27:1 in urban streams (EPA, 1986) .
Soil: Paint is a major contributor to soil lead contamination. Remediation of exterior lead-based paint hazards is critical if further contamination is to be avoided (Binder and Matte, 1992) . The accumulation of lead in soil is primarily a function of the rate of deposition from the atmosphere. The fate of lead in soil is affected by the specific or exchange adsorption at mineral interfaces, the precipitation of sparingly soluble solid phases, and the formation of relatively stable organo-metal complexes or chelates with the organic matter in soil (EPA, 1986; NSF, 1977) .
Evidence exists that atmospheric lead enters the soil as lead sulfate or is converted rapidly to lead sulfate at the soil surface. Lead sulfate is relatively soluble, and thus could leach through the soil if it were not transformed. In soils with pH of > or = 5 and with at least 5% organic matter, atmospheric lead is retained in the upper 2-5 cm of undisturbed soil (EPA, 1986) .
Lead may mobilize from soil when lead-bearing soil particles run off to surface waters during heavy rains. Lead may also mobilize from soil to atmosphere by downwind transport of smaller leadcontaining soil particles entrained in the prevailing wind (NSF, 1977) . This latter process may be important in contributing to the atmospheric burden of lead around some lead-smelting and Superfund sites that contain elevated levels of lead in soil.
The downward movement of lead from soil by leaching is very slow under most natural conditions (NSF, 1977) . The conditions that induce leaching are the presence of lead in soil at concentrations that either approach or exceed the sorption capacity of the soil, the presence in the soil of materials that are capable of forming soluble chelates with lead, and a decrease in the pH of the leaching solution (e.g., acid rain) (NSF, 1977) . Partial favorable conditions for leaching may be present in some soils near lead-smelting and NPL sites that contain elevated levels of lead in soil. Barltrop and Meek (1975) examined the absorption in rats of 12 different lead compounds following oral exposure, including solids and oily, viscous liquids, compared with lead acetate absorption. The kidney contents of lead were calculated as percentages of the relevant lead acetate values. The absorption of metallic lead (particle size 180-250 mcm) was lower than the absorption of lead salts (particle size < 50 mcm). Lead carbonate had the highest absorption, which, the authors suggest, may reflect the greater solubility of this compound in gastric juice.
Bioavailabilty of lead
A key factor in the solubility of lead is the pH of the fluid. Healy et al. (1982) measured the solubility of lead sulfide (particle size approximately 90 mcm) in several fluids, including water, saliva, and gastric juice. The lead was relatively insoluble in water and saliva, but was 800 times more soluble in simulated gastric juice. Day et al. (1979) measured the solubility (extractability) in hydrochloric acid of lead from street dust collected in two industrial cities. The authors assumed that the lead compounds were primarily oxides and halides emitted from automobiles. Under environmental conditions, these compounds can be converted to carbonates and sulfates. Less than 10% of the lead was extracted at pH 4 and higher; more than 80% was extracted at pH 1, the nominal pH of gastric juice. The significance of these findings is not clear because the temperature of extraction did not correspond to physiological conditions (37 C) and hydrochloric acid is a simplistic simulation of gastric juice. Other studies have supported the higher degree of solubilization at a pH about 1 of lead from street dust samples (Duggan and Williams, 1977; Harrison, 1979) . Mahaffey and co-workers (1976) reported that children with elevated PbB had lower dietary intakes of calcium and phosphorus than did a reference population. Heard and Chamberlain (1982) reported similar findings. Several studies have shown a strong inverse correlation between iron status and PbB (Chisolm, 1981; Yip et al., 1981; Watson et al., 1980) . Zinc deficiency can also enhance lead absorption (Markowitz and Rosen, 1981) .
Metabolic interactions of lead with nutrients
The main conclusion to be drawn from studies of lead-nutrient interactions is that defects in nutrition will enhance lead absorption and retention and thus the toxicity risk. This problem is amplified when nutrient deficiencies are commonplace and lead exposure is highest, that is, in 2-to 4-year-old, underdeveloped children (ATSDR, 1988) .
Improving the nutritional status of children who have a high risk of exposure and toxicity greatly increases the effectiveness of environmental lead abatement. However, nutritional supplement (calcium) only increases the lead level required for toxicity rather that eliminating lead uptake and its effects (Mahaffey, 1982) .
The levels of phosphorus, which indicate Vitamin D levels, suggest that most poor children's intake of this vitamin is adequate (ATSDR, 1988) . Vitamin D enhances lead uptake in the gut, but its intake is essential to health and cannot be reduced (ATSDR, 1988) .
Health effects of lead exposure
Studies on the effects of lead in children have demonstrated a relationship between exposure to lead and a variety of adverse health effects. These effects include impaired mental and physical development, decreased heme biosynthesis, elevated hearing threshold, and decreased serum levels of vitamin D (Figure 1 ). The neurotoxicity of lead is of particular concern, because evidence from prospective longitudinal studies has shown that neurobehavioral effects, such as impaired academic performance and deficits in motor skills, may persist even after PbB levels have returned to normal (Needleman, 1990) . Although no threshold level for these effects has been established, the available evidence suggests that lead toxicity may occur at PbB levels of 10-15 mcg/dl or possibly less (ATSDR 1988).
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Additional information on lead toxicity is contained in The Nature and Extent of Lead Poisoning in Children in the United States: A Report to Congress (ATSDR, 1988) and the ATSDR Toxicological Profile for Lead (ATSDR, 1992) .
Correlations of soil lead and blood lead in children
Every community and every study reflects a different range of soil lead concentrations and blood lead levels. Several comprehensive reviews have examined the quantitative relationship between exposure to lead-contaminated soil and PbB levels in children. This result is commonly expressed in the literature as a dose-response relationship and reflects a change in PbB levels with the change in soil lead concentrations (assuming a linear relationship between the two) scaled to a standard unit of soil lead concentration (either 1,000 mcg/g or 100 mcg/g) (Reagan and Silbergeld, 1989) .
Duggan compiled data from published studies that reported a quantitative correlation between PbB concentrations and lead concentrations in soil or dust (Duggan, 1980; Duggan and Inskip, 1985) . Duggan included data from sites with diverse sources of lead contamination (e.g., lead mining, smelting, lead paint, automobile exhaust emissions). The data indicated that the increase in PbB levels associated with exposures to lead in soil varied between 0.6 and 65 mcg lead/dl blood per 1000 ppm lead in soil. As an average value, Duggan suggested that exposure to soil containing 1000 ppm of lead could increase the PbB level by 5 mcg/dl. No value for an acceptable concentration of lead in soil was offered because such a value would depend on what constitutes an acceptable increase in the PbB concentration.
In the ATSDR document, The Nature and Extent of Lead Poisoning in Children in the United States: A Report to Congress, it was noted that several investigations have shown a highly significant correlation between PbB levels and lead concentrations in dust and soil. Several references were cited that describe quantitative relationships between PbB levels and soil or dust lead levels. The report concluded, "In general, lead in dust and soil at levels of 500 to 1,000 ppm begins to affect children's PbB levels." Madhaven et al. (1989) used the data compiled by Duggan (1980) to derive a "safe" or permissible level of lead in soil. The authors based their analysis on 8 of Duggan's 21 slope estimates for PbB vs. soil lead. Madhaven et al. selected those studies for which soil was believed to be the only source of lead and for which the susceptible population were children under 12 years of age. The geometric mean of the 8 studies was 3.41 mcg lead/dl blood per 1000 ppm lead in soil, and the 95 percentile upper confidence interval was 8.59 mcg/dl per 1000 ppm. The authors proposed permissible levels of lead in soil ranging from 250 to 1000 ppm depending on site conditions. The 250 ppm value applies to a worst-case scenario in which children below 5 years of age repeatedly used an area without grass cover and mouthed objects frequently. In this situation, a soil lead concentration of 250 ppm would add, at most, an estimated 2 mcg/dl to the PbB level of children. Reagan and Silbergeld (1989) analyzed the review articles by Brunekreef (1986), American Academy of Pediatrics (AAP) (1987), Duggan (1980) , Duggin and Inskip (1985) , and EPA (1986) and reported several limitations in the articles. In the Brunekreef review, most studies reviewed "do not permit straightforward calculation of (a dose-response relationship) which are properly adjusted for relevant confounders". Nevertheless, Brunekreef concluded that the dose-response relationship was in the 5.0-10.0 (mcg/dl per 1,000 mcg/g) range for lead in soil, housedust, streetdust, and playground dust. After reviewing several studies Duggan also concluded that the dose-response relationship of PbB to soil lead concentration is 5 mcg/dl per 1000 mcg/g which is very close to his theoretical calculation of 7 mcg/dl per 1,000 mcg/g. Brunekreef criticized Duggan's review because he relied heavily on studies in which one or more pathways were excluded and used adjusted instead of unadjusted values in some studies.
The review by the AAP notes that for each increase of 100 mcg/g in the lead content of surface soil above a level of 500 mcg/g a mean increase of 1 to 2 mcg/dl occurs in children's whole PbB (AAP 1987) . No explanation was given in the AAP study for starting the slope at a soil lead value of 500 mcg/g. Reagan and Silbergeld (1989) also criticized the EPA review for selecting only two studies (Stark et al., 1982; Angle and McIntire, 1982) , which EPA believed provided good data for the slope estimates (2.2 mcg/dl and 6.8 mcg/dl) and then selecting the lowest one as a "median estimate" without explaining why this selection technique is appropriate. Brunekreef also criticized the EPA conclusion because EPA mixed adjusted and unadjusted values and because use of an adjusted value in the Stark study was inappropriate.
The dose-response relationship differs between urban and industrial communities and lead-mining communities, with lead-mining communities having a shallower slope (Reagan and Silbergeld, 1989) . This difference is probably due to a difference in the bioavailabilty of lead. Particle size and metal species are also thought to be major factors (Colorado Department of Health, 1990) . However, differences in modulating factors (such as nutrition) may also have been important in these studies.
With regard to particle size, leaded gasoline, which is the predominant source of lead in urban communities, and industrial point sources emit small particles, whereas mines and tailing piles release relatively large particles, primarily as fugitive dusts (EPA, 1986) . Smaller particles may be inhaled and ingested, increasing total exposure. Smaller particles are easily transferred to the hands and tend to remain on the hands longer, thereby increasing the potential for ingestion.
With respect to metal species, Steele et al. (1990) noted that the impact of lead in soil derived from mine waste (usually in the form of PbS) on blood lead is less than that for lead in soil derived from smelter, vehicle, or point sources. However, in an animal study, tailing material from Midvale, Utah was found to be more available to young pigs than was reagent grade PbS when presented as a single large dose by intubation (LaVelle et al. 1991) . This study does not lend support to the Steele finding.
The U.S. Environmental Protection Agency (EPA) recently developed an Integrated Uptake/Biokinetic (IU/BK) model that examines the relationship between environmental exposure to lead and PbB levels. Examples in the use of this EPA model (Version 0.5) are shown in (Figure 2 ), (Figure 3 ), (Figure 4 ). This model is not used to set clean-up standards per se. Rather, it allows the health assessor to make site-specific calculations for children 6 yrs of age and under for PbB levels resulting from exposures to lead in soil, dust, air, water, and the diet. Several assumptions and default exposure variables are built into the model for use when these parameters are not known. The model is still being validated by the EPA.
Reagan and Silbergeld (1989) also noted an order of magnitude difference in the recommendations offered in the literature. The standards reflect four basic arguments to justify or advocate a specific lead limitation.
1. To protect pica children, a lead soil standard should be below 100 mcg/g (Shellshear et al. (1975) ) or 150 mcg/g, (Chaney et al. (1986 (Chaney et al. ( , 1989 ). 2. To keep PbB levels below 25 mcg/dl a standard of 300 (Bourcier et al. (1985) ) and 500 mcg/g (Simms and Becket 1987)) is needed. Mielke et al. (1989) also argue that to keep PbB levels below 10 mcg/dl the standard should be less than 150 mcg/g. 3. Based on an Acceptable Daily Intake (ADI) of 50 and 200 mcg Pb/day, respectively, soil levels of 300 (Duggan and Williams (1977) ) and 900 mcg/g (Steenhout (1987)) are recommended. 4. Laxen et al. (1987) and Madhaven et al. (1989) argue for a standard that would allow PbB levels to increase by 3-5 mcg/dl over and above existing PbB levels. Madhaven et al. also argue that children exposed to lead at 250 mcg/g in bare soils could have increased PbB levels of 2 mcg/dl. Reagan and Silbergeld (1989) cautioned that the "normalized" values reflect the assumption that all allowable lead came from soil or dust. A further downward revision should be made to allow for other sources that contribute to total body lead burden for all populations. The Laxen et al. value, Reagan and Silbergeld point out, was not adjusted for age (he examined 10-12 year-old children, instead of the high-risk, 2-4 year-old children).
Finally, Reagan and Silbergeld argue "that the literature as a whole supports a low soil lead standard of 100 mcg/g or so." In proposing this standard, Reagan and Silbergeld (1989) also proposed that the standard:
1. Be limited to residential areas; 2. Be a bare soil standard, if and only if, the community can guarantee adequate ground cover, essentially forever; 3. Be based on a soil survey; 4. Be applicable to property based on sample type; 5. Be enforceable;
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Public health impact of exposure to lead-contaminated soil
A strong positive correlation is found between exposure to lead-contaminated soils and PbB levels. Generally, PbB levels rise 3-7 mcg/dl for every 1000-ppm increase in soil or dust lead concentrations (CDC, 1991) . This range reflects different sources of lead, different exposure conditions, and different exposed populations.
At all sites, ATSDR recommends that health assessors evaluate the need for any follow-up health activities. This effort should be coordinated with other health agencies, as appropriate, to ensure that all aspects of a site that impact the health of the community are evaluated. Environmental health scientists will find the recent statement by CDC, Preventing Lead Poisoning in Young Children, a very useful resource (CDC, 1991) .
Ideally, to determine the public health impact of environmental lead contamination at a site, a biomarker of lead exposure in the exposed population should be available. The most commonly used biomarkers of lead exposure are the PbB concentration and the blood erythrocyte protoporphyrin (EP) concentration. Although blood EP levels are commonly used in lead screening programs, the EP test has poor sensitivity and specificity below a PbB level of 25 mcg/dl (CDC, 1991) . Therefore, PbB concentration is a more sensitive indicator of low-level lead exposures. CDC recommends PbB concentration as the screening test of choice (CDC, 1991) .
If PbB levels are elevated, exposure to lead-contaminated soil may not be the only source for the increased blood level. Other lead sources --such as lead from food, water, or air--could be partially or primarily responsible for the elevated PbB. These other potential exposure pathways should be thoroughly evaluated.
Even if PbB levels are not elevated, the site should not be dismissed as posing no potential public health hazard. Potential seasonal variation of exposure conditions; the half-life of lead in the blood stream; and limitations of any screening methods used, especially study design (power and representativeness of blood and soil samples), should be evaluated. If conditions at a site change dramatically, retesting exposed individuals may be necessary to determine the impact of altered conditions on PbB levels. Commonplace changes may also be significant in altering PbB levels.
The results of occupational studies indicate that increased exposures to lead are followed by elevations in PbB levels, which reach a new level in 60-120 days (Tola et al. 1973) . Also, PbB levels may be higher in children during the summer months presumably as the result of increased opportunity for exposures through outdoor play.
The biologic fate of inorganic lead in the human body is well known. Inorganic lead is not metabolized but is directly absorbed, distributed, and excreted. Once in the blood, lead is distributed primarily among three compartments--blood, soft tissue (kidney, bone marrow, liver, and brain), and mineralizing tissue (bones and teeth). Mineralizing tissue contains about 95% of the total body burden of lead in adults (ATSDR, 1990) .
In blood, 99% of the lead is associated with erythrocytes; the remaining 1% is in the plasma and is available for transport to the tissues. In single-exposure studies with adults, lead has a half-life in blood of approximately 25 days; in soft tissue, about 40 days; and in the non-labile portion of bone, more than 25 years. In bone there is both a labile component, which readily exchanges lead with the blood, and an inert pool. Lead in the inert pool poses a special risk because it is a potential endogenous source of lead. Because of these mobile lead stores, a person's PbB level can take several months or sometimes years to drop significantly, even after complete removal from the source of lead exposure (ATSDR, 1990) .
In Leadville, Colorado, the Colorado Department of Health examined the impact of residential soil lead contamination on the PbB levels of children (Colorado Department of Health, 1990) . Lead smelting operations in the area ended in 1961 and, at the time of the study in 1987, only one lead and zinc mine was still operating. An increase in soil lead concentration from 100 to 1100 ppm was associated with an estimated increase of 3.9 mcg/dl in the PbB concentration.
The results of several studies have indicated that the increase in PbB concentration as a function of soil lead concentration is not linear. That is, at higher lead concentrations in soil, the rate of 19-15 increase in PbB levels falls off. Using data from exposure studies conducted at Helena Valley in Montana and Silver Valley in Idaho, Schilling and Bain (1989) derived the following linear regression model for the correlation between PbB levels and soil lead levels: l n (blood lead level) = 0.879 + 0.241 l n (soil lead level)
Using this equation, an increase in soil lead from 100 ppm to 1100 ppm would increase the predicted PbB level from 7.3 mcg/dl to 13.0 mcg/dl, an increase of 5.7 mcg/dl. A further increase in soil lead to 2100 ppm would increase the estimated PbB level to only 15.2 mcg/dl.
The non-linearity of the dose-response curve for blood lead vs. soil lead is not unique to soil lead exposures. The rate of increase in PbB levels has also been observed to decrease upon exposure to high concentrations of lead in air or drinking water (Hammond, 1982) .
Under the Superfund Amendments and Reauthorization Act of 1986, EPA (1991) initiated a "pilot program for the removal, decontamination, or other actions with respect to lead-contaminated soil in one to three metropolitan areas". One study, the Three City Urban Soil-Lead Demonstration Project, was designed to investigate whether the use of low-technology abatement methods to reduce environmental lead concentrations (soil, dust) would result in decreased PbB levels in children. Findings from this study are expected in the summer of 1992. It is possible that the impact of contaminated soil, like that of paint, is highly dependent on condition and usage patterns. This issue has not been adequately evaluated (Binder and Matte, 1992) .
General principles and limitations in field evaluations
Screening tests: The erythrocyte protoporphyrin level is not sensitive enough to identify children with elevated PbB levels below about 25 mcg/dl. The screening test of choice is now PbB measurement (CDC 1991).
Dose-response curve: When assessing the public health impact of environmental lead contamination, the lower portion of the dose-response curve for PbB vs. soil lead should be used. This portion of the curve has the steepest slope, and it corresponds to conditions in which the impact on PbB is the greatest.
PbB levels generally rise 3-7 mcg/dl for every 1,000-ppm increase in soil or dust lead concentrations (CDC 1991) . Access to soil, behavior patterns, presence of ground cover, seasonal variation of exposure conditions, and other factors may influence this relationship.
Sample size: Caution should be used in drawing conclusions when only one or a few soil samples from a site have been analyzed. Depending on the uniformity of lead distribution at a site, a single soil sample may significantly overestimate or underestimate the average lead concentration at a site.
Surface soil: Because lead is immobilized by the organic component of soil, lead deposited from the air is generally retained in the upper 2-5 centimeters of undisturbed soil (EPA 1986) . Urban soils and other soils that are disturbed or turned under may be contaminated down to far greater depths. Opportunity for exposure is much greater to surface soil than to subsurface soils.
Evidence for the non-uniformity of lead distribution in urban soils was demonstrated in a study that examined soil lead concentrations in urban Baltimore gardens (Chaney 1984) . Soil lead concentrations varied more than 10-fold within a single garden.
Chemical form of lead: The impact of exposure to lead-contaminated soil on PbB levels is also influenced by the chemical and physical form of the lead. Data from animal feeding studies suggest that the oral bioavailability of lead sulfide and lead chromate is significantly less than the bioavailability of other lead salts (oxide, acetate) (Barltrop and Meek 1975) .
Particle size: Increasing the particulate size also reduces the bioavailability of lead in the gastrointestinal tract. In animal feeding studies, decreasing the lead particulate size from 197 microns to 6 microns resulted in a 5-fold enhancement in absorption (Barltrop and Meek 1979) . The lead content of soil and dust has also been demonstrated to vary dramatically as a function of particle size (Duggan and Inskip, 1985) . Several studies have reported that the lead content of soil, street dust, city dust, and house dust increases as the particle size decreases.
Lead-mining sites: The results of studies at lead-mining sites have indicated that soil lead contamination from mine tailings may be less effective in increasing PbB levels than is lead contamination derived from urban lead pollution (paint, gasoline) or atmospheric lead fallout from 19-16 lead smelting operations (Steele et al. 1990 ). However, an animal study by LaVelle et al. (1991) on the bioavailability of lead in mining wastes following oral intubation in young swine does not support these findings.
The reduced bioavailability of lead from mine tailings may be related to its chemical form (lead sulfide) and its larger particulate size. Evaluations of mining sites require analyses of these physicalchemical parameters.
Community prevention activities
Pathways of Exposure: Soil and dust act as pathways to children for lead deposited by primary lead sources such as lead paint, leaded gasoline, and industrial or occupational sources of lead (CDC 1991) .
Because lead does not dissipate, biodegrade, or decay, the lead deposited into dust and soil becomes a long-term source of lead exposure for children. For example, although lead emissions from gasoline have largely been eliminated, an estimated 4-5 million metric tons of lead previously used in gasoline remain in dust and soil, and children continue to be exposed to it (ATSDR 1988).
Prevention activities: Community prevention activities should be triggered by PbB levels > or = 10 mcg/dl, as recommended by the Centers for Disease Control (Table 8) , (CDC, 1991) .
For community-level intervention to be successful at least five types of activities are necessary (CDC, 1991) .
(1) screening and surveillance determining populations at risk and the locations of the worst exposures; (2) risk assessment and integrated prevention planning analyzing all available data to assess sources of lead, exposure patterns, and high-risk populations; developing prevention plans; (3) outreach and education informing health-care providers, parents, property owners, and other key people about lead poisoning prevention; (4) infrastructure development finding the resources needed for a successful program of risk reduction; (5) hazard reduction reducing the hazards of lead-based paint and lead in dust and soil, particularly in high-risk buildings and neighborhoods. Soil lead abatement: Soil lead abatement may consist of either establishing an effective barrier between children and the soil or the removal and replacement of at least the top few centimeters of soil.
Summary
Exposure Pathways and Populations at Risk: Soil and dust act as pathways to children for lead deposited by primary lead sources such as lead in paint, leaded gasoline, and industrial or occupational sources of lead. Because lead does not dissipate, biodegrade, or decay, the lead deposited into dust and soil becomes a long-term source of lead exposure for children.
Preschool-age children and fetuses are usually the most vulnerable segments of the population for exposure to lead. Among children, those in the 2-3 year-old age bracket may be most at risk for exposure to lead-contaminated soil. The number of children potentially exposed to lead in dust and soil is estimated at 5.9 to 11.7 million children.
Uptake and Bioavailability of Lead: A strong positive correlation is found between exposure to lead-contaminated soils and PbB levels. Generally, the PbB levels rise 3-7 mcg/dl for every 1000 ppm increase in soil or dust concentrations. Access to soil, behavior patterns, presence of ground cover, seasonal variation of exposure conditions, and other factors may influence this relationship.
Bioavailability of lead in the gastrointestinal tract is influenced and may be reduced as the particulate size of lead is increased. The reduced bioavailability of lead from mine tailings may be related to its chemical form and its larger particulate size. Evaluations of mining sites require analyses of these physical-chemical parameters.
Biomarkers: The most commonly used biomarkers of lead exposure are the PbB concentration and the blood erythrocyte protoporphyrin (EP) concentration. The EP test has poor sensitivity and specificity below a PbB level of 25 mcg/dl. The CDC recommends PbB concentration as the screening test of choice.
Site-Specific Exposure Assessment: Interactive and complex factors associated with multiple exposure pathways for lead require a site-specific approach in order to develop meaningful action levels for lead in soil. When evaluating a site, a health assessor should be aware of multiple sources of lead exposure and the additive nature of the risks. Dust and soil lead --derived from flaking, weathering, and chalking paint --plus airborne lead fallout and waste disposal over the years, are the major proximate sources of potential childhood lead exposure.
Wide variations in soil lead levels have been reported, ranging from less than 100 ppm to well over 11,000 ppm. Soils adjacent to houses with exterior lead-based paints may have lead levels of >10,000 mcg/g. The downward movement of lead from soil by leaching is very slow under most natural conditions. At a site, the health assessor should examine the available PbB data. Recently, the CDC has provided guidelines for interpreting PbB test results in children. If conditions at a site change dramatically, retesting exposed individuals may be necessary to determine the impact of altered conditions on PbB levels. The health assessor should pay attention to potential seasonal variation of exposure conditions; the half-life of lead in the blood stream; and limitations of any screening methods used, especially study design (power and representativeness of blood and soil samples), should be evaluated.
The health assessor should use caution in drawing conclusions when only one or a few soil samples from a site have been analyzed. Depending on the uniformity of lead distribution at a site, a single soil sample may significantly overestimate or underestimate the average lead concentration at a site. The impact of exposure to lead-contaminated soil on PbB levels is also influenced by the chemical and physical form of the lead.
ATSDR Recommendations: At all sites, ATSDR recommends that health assessors evaluate the need for any follow-up health activities. This effort should be coordinated with other health agencies, as appropriate, to ensure that all aspects of a site that impact the health of the community are evaluated. The recent statement by the CDC, Preventing Lead Poisoning in Young Children, provides guidance and identifies community prevention activities that should be triggered by PbB levels > or = 10 mcg/dl.
Removal of Lead-Contaminated Soil Set to Begin in St. Georges
Public Meeting Scheduled for June 13, 2002 http://www.dnrec.state.de.us/DNREC2000/Admin/Press/Story1.asp?PRID=529
The U.S. Army Corps of Engineers will begin soil removal activities at 12 properties in St. Georges the week of June 17. These activities are in response to the results of three separate investigations revealing elevated lead concentrations in shallow soils of residential properties. A public meeting to discuss the upcoming soil removal and results of the latest soil investigation will be held at 7 p.m. on Thursday, June 13 at the historic church on North Main Street in St. Georges.
The Corps and the Delaware Department of Natural Resources and Environmental Control will notify the residents of the 12 properties prior to the start of soil removal activities. The soil will be removed by shovels and small excavators, such as a Bobcat"¥. The excavation areas will be backfilled with clean topsoil and seeded. Contaminated soil will be stored temporarily in a fenced area under a bridge support on the north side of the town.
Additionally, results from the comprehensive soil investigation will be available at the meeting. If residents are unable to attend, the results will be mailed to them. Results of the recent archaeological investigation are currently pending.
DNREC and the Corps have been working cooperatively to investigate properties potentially contaminated by lead-based paint chips flaking from the St. Georges Bridge. In November 2001, the Corps contracted EA Engineering to perform a comprehensive environmental investigation of the Town of St. Georges and an interim soil removal at 12 properties identified by DNREC.
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Cleaning of Mercury-Contaminated Soil Using a Combined Washing and Distillation Process
Winfried Groschel Fa. Harbauer & Co.
Berlin, Germany tel: 37/30061-0 fax: 37/30061-230 http://www.nato.int/ccms/s13/report/intrm13.html
Interim Status Report (Extract)
This project demonstrated the first full-scale application of vacuum distillation technology, which is proven effective for soils contaminated with volatile and semi-volatile substances like tar fractions, oil, and mercury. The technology can be used in conjunction with soil washing for soils or fractions with high silt/clay concentrations or with very high contaminant loads. In this application, mercurycontaminated soils excavated from a former chemical plant were successfully reduced from peaks of 1900 mg/kg to below the target level of 50 mg/kg, frequently reaching 20 mg/kg. So far, 15,000 tons of contaminated soil has been treated successfully, with an average throughput of 150 tons/day.
Soil washing is used to produce a concentrated fraction in the size between 100 um and 8 mm, and then vacuum distillation removes the contaminants. Precipitation sludge is disposed separately, and used ion-exchange resin is recycled off-site. Thermal desorption at 100 C is followed by a vacuum distillation process in which the soil is heated in a rotating drum to 350-450 C under reduced pressure (50-150 hPa). Mercury is volatilized and recovered by recondensation. The use of reduced pressure (rather than higher temperatures) permits significantly lower energy costs and only 1/20 to 1/30 of the flow of process treatment gas that is considered normal for incineration. Since vacuum distillation permits a low oxygen environment, secondary oxidation does not occur and dangerous organic residues like dioxin cannot be formed. Treated soil with residual concentrations greater than 50 mg/kg are passed again through the treatment process.
Soil exiting the dryer has a residual moisture content of less than 1%. Off-gas from the drying step is treated in a vent condenser. Treated soil is remixed with coarse materials and disposed of in a 1andfill. Tests have proven that, in addition to mercury, volatile and semi-volatile contaminants such as BTEX, solvents, TPHs, PAHs, and phenols can be successfully treated.
Ecological Farming May Cause More Heavy Metals in the Soil
Science a GoGo -10 February 1999 http://www.scienceagogo.com/news/19990109225423data_trunc_sys.shtml Some systems of ecological arable farming which use only organic fertilisers contaminate the soil with levels of cadmium, copper and lead which are twice as high as when a combination of both animal manure and artificial fertiliser is used. This has been demonstrated in farm case studies carried out by environmental scientists from Wageningen Agricultural University to calculate the input and output of soil contamination by heavy metals.
The scientists also found that mixed farming, combining arable with dairy farming, leads to less heavy metal contamination than farming based exclusively on one or the other of these. The team calculated contamination levels by examining the difference between the input and output of heavy metals via manuring, precipitation, leaching and uptake in crops. They developed indicators for which metal exceeded the quality norms for soil, crops or ground water at any given moment. This makes it possible, for example, to predict that in a country like the Netherlands, given current input and output levels, conventional arable farming will exceed the quality norm for cadmium contamination within 70 years, ecological arable farming in 145 years' time and integrated arable farming only in 300 years. Even if the total annual level of cadmium contamination is lower than environmental norms allow for, the quantity of this metal may in the long term exceed environmental norms for crops. In practice, cadmium as a heavy metal is the most dangerous to humans.
The environmental scientists also developed a new model which takes account of changes in soil composition brought about by manuring. The use of compost based on kitchen and garden waste in farming can change the levels of heavy metals in the agricultural soil. The researchers recommend that soil quality norms be based in the future on the total heavy metals load.
"Biomining" the Soil to Remove Heavy Metals
Argonne National Laboratory, Programs and Capabilities Database http://www.anl.gov/LabDB/Current/Ext/H603-text.002.html
Description
While high-level, localized contamination may be cost-effectively cleaned up using available capital-intensive methods, cases of more moderate contamination of extensive areas (such as fall-out areas) may rule out existing technologies as too expensive and disruptive of the ecosystem. Phytoremediation is an emerging cleanup technology based on the well-known ability of plants to take up and concentrate contaminants in their tissues. Hyperaccumulator plants are grown to "biomine" the contaminated soil, and are harvested and treated to further concentrate the contaminants prior to final disposal. Currently, the major drawback of phytoremediation is the slow rate of decontamination. Argonne's innovative approach is in integrating the traditional phytoremediation concept with other technologies to enhance the bioaccumulation by irrigation, fertilization, alteration of the soil's chemical/physical conditions, and/or the use of nontoxic chelating agents. To avoid the transport of contaminants deeper into the subsurface, to deliver the chelating agents throughout the soil, and to control the transportation of the chelated metal from lower soil horizons into the root zone, Argonne is further proposing to employ electrokinetics processing. Compared with alternative technologies, enhanced phytoremediation offers the advantages of being truly in situ, lower capital and labor costs, retaining the functionality of the soil ecosystem, and minimal disturbance to the environment, including a higher public acceptance. In contrast, many alternative technologies currently being developed for soil remediation destroy the natural biological component of the soil, rendering the soil unusable for years. USEPA, 1987; Georgia Code, 1993; Florida Code, 1993; Washington Code, 1992; Texas Code, 1991; North Carolina, 1991 Total recoverable metals criteria is from EPA National Ambient Water Quality Criteria Documents -Criteria Maximum Concentration (CMC) is the highest concentration of a pollutant to which aquatic life can be exposed for a short period of time (1 hour average) (acute); -Criteria Continuous Concentration (CCC) is the highest concentration of a pollutant to which aquatic life can be exposed for an extended period of time (4 days) without deleterious effects. -A more conservative approach to aquatic life protection may be preferred; in such cases the total recoverable metals criteria may be used.
Human Consumption
__________________________________________________________________________________________________________
Water and Organisms
Organisms Only ug/l Arsenic 0.018 0.14 Mercury 0.14 0.15 Nickel 610 4600
__________________________________________________________________________________________________________
Health Effects
Ingestion of metals such as lead (Pb), cadmium (Cd), mercury (Hg), arsenic (As), barium (Ba), and chromium (Cr), may pose great risks to human health. Trace metals such as lead and cadmium will interfere with essential nutrients of similar appearance, such as calcium (Ca 2+ ) and zinc (Zn 2+ ). Lead: Because of size and charge similarities, lead can substitute for calcium and included in bone. Children are especially susceptible to lead because developing skeletal systems require high calcium levels. Lead that is stored in bone is not harmful, but if high levels of calcium are ingested later, the lead in the bone may be replaced by calcium and mobilized. Once free in the system, lead may cause nephrotoxicity, neurotoxicity, and hypertension.
Cadmium: Cadmium may interfere with the metallothionein's ability to regulate zinc and copper concentrations in the body. Metallothionein is a protein that binds to excess essential metals to render them unavailable. When cadmium induces metallothionein activity, it binds to copper and zinc, disrupting the homeostasis levels (Kennish, 1992) . Cadmium is used in industrial manufacturer and is a byproduct of the metallurgy of zinc.
Mercury: Mercury poses a great risk to humans, especially in the form of methylmercury. When mercury enters water it is often transformed by microorganisms into the toxic methyl mercury form. Symptoms of acute poisoning are pharyngitis, gasteroenteritis, vomiting, nephritis, hepatitus, and circulatory collapse. Chronic poisoning is usually a result of industrial exposure or a diet consisting of contaminated fish (mercury is the only metal that will bioaccumulate). Chronic poisoning may cause liver damage, neural damage, and teratogenesis (USEPA, 1987) .
Arsenic: Arsenic ingestion can cause severe toxicity through ingestion of contaminated food and water. Ingestion causes vomiting, diarrhea, and cardiac abnormalities (Viessman and Hammer, 1985) .
Irrigation Effects
Irrigation water may transport dissolved heavy metals to agricultural fields. Although most heavy metal do not pose a threat to humans through crop consumption, cadmium may be incorporated into plant tissue. Accumulation usually occurs in plant roots, but may also occur throughout the plant (De Voogt et al., 1980) . Most irrigation systems are designed to allow for up to 30 percent of the water applied to not be absorbed and to leave the field as return flow. Return flow either joins the groundwater or runs off the field surface (tailwater). Sometimes tailwater must be rerouted into streams because of downstream water rights or a necessity to maintain streamflow. However, usually the tailwater is collected and stored until it can be reused or delivered to another field (USEPA 1993a).
Tailwater is often stored in small lakes or reservoirs, where heavy metals can accumulate as return flow is pumped in and out. These metals can adversely impact aquatic communities. An extreme example of this is the Kesterson Reservoir in the San Joaquin Valley, California, which received subsurface agricultural drainwater containing high levels of selenium and salts that had been leached from the soil during irrigation. Studies in the Kesterson Reservoir revealed elevated levels of selenium [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] in water, sediments, terrestrial and aquatic vegetation, and aquatic insects. The elevated levels of selenium were cited as relating to the low reproductive success, high mortality, and developmental abnormalities in embryos and chicks of nesting aquatic birds (Schuler et al. 1990 ).
Sources:
1. Nonpoint sources:
Natural: Chemical and physical weathering of igneous and metamorphic rocks and soils often release heavy metals into the sediment and into the air. Other contributions include the decomposition of plant and animal detritus, precipitation or atmospheric deposition of airborne particles from volcanic activity, wind erosion, forest fire smoke, plant exudates, and oceanic spray (Kennish, 1992) . Anthropogenic: Surface runoff from mining operations usually has a low pH and contains high levels of metals such as iron, manganese, zinc, copper, nickel and cobalt. The combustion of fossil fuels pollutes the atmosphere with metal particulates that eventually settle to the land surface. Urban stormwater runoff often contains metals from roadways and atmospheric fallout (Connell et al., 1984) . Currently, anthropogenic inputs of metals exceed natural inputs.
Point sources:
Domestic wastewater effluent contains metals from metabolic wastes, corrosion of water pipes, and consumer products. Industrial effluents and waste sludges may substantially contribute to metal loading (Connell et al., 1984) .
Environmental Fate/Mode of Transport:
Transport in water: Water can transport metals that are bound to sediment particles. The primary route for sediment-metal transport is overland flow.
Water also transports dissolved metals. Although dissolved metals are primarily transported in overland flow, some underground transport is possible. Metals that are introduced to the unsaturated zone and the saturated zone will most likely not be transported a long distance. Dissolved metals that are carried below the land surface will readily sorb to soil particles or lithic material in the unsaturated zone and the saturated zone.
Transport in air: Metals introduced into the atmosphere may be carried to the land surface by precipitation and dry fallout. Additionally, because metals readily absorb too many sediment types, wind-borne sediment is a potential route for metal transport.
Soil Excavation and Disposal Excavation, Transportation and Incineration of PCB Contaminated Soil
http://www.pcbdisposalinc.com/SERVICES/Soil_Excavation_&_Disposal/INDEX.php
Soil Excavation
PCB Disposal has conducted remediation of PCB-contaminated soil at numerous sites in Canada where soil became accidentally contaminated by leakage of improperly stored drums, spillage of oil from obsolete electrical equipment, transportation accidents and in-service transformer leaks, to name a few examples. Whether the extent of contamination is large or small, PCB Disposal defines the scope of the excavation, removes the contaminated soil, conducts confirmatory sampling and testing for PCB residues and restores the area to its' original state, including landscaping as required.
Large-Scale Excavation Projects
PCB Disposal has successfully cleaned up several sites where extensive PCB contamination was present. Depending on the tonnage of PCB contaminated soil involved, we can provide various options to our customers including containers and temporary buildings for on-site bulk storage of soil, on-site bioremediation and transportation and decontamination of soils and gravel up to 5 cm in diameter using thermal desorption thermal destruction technology or destruction by incineration.
Old Scrap Metal Yards and Landfills
Due to the mismanagement of PCB-contaminated electrical equipment and illegal dumping of PCB wastes into makeshift landfills, PCB contamination in some regions of the country is substantial. In some instances, it has lead to contamination of ground water and aquifers. PCB Disposal can provide services to sample, monitor, analyze and treat PCB-contaminated ground water. See "Water Decontamination" for more information. The field sampling personnel exercised standard sampling protocols to minimize potential contaminant introduction into, or cross-contamination of, the sediment samples. All sampling equipment was decontaminated before and between each sample. Sediment samples were collected manually using a 20-inch sediment sampler with Lucite liners. The sediment sampler was driven 0 feet -3 feet into the sediment. Samples were collected from three (3) points on the north side of Royal Marina, and three (3) points on the south side of the marina. The three points from the north side were homogenized in a decontaminated stainless steel bowl and labeled as N-1. The three points from the south side of the marina were homogenized in a decontaminated stainless steel bowl and labeled as S-1. These samples were placed in sampling containers provided by the analytical laboratory, preserved on ice in a cooler, and promptly delivered to the laboratory for analysis on 23 Feb 1998. The volatile organic samples were filled to capacity so that no headspace was present.
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Sampling Protocols and Results Appendix
The sediment samples were analyzed for Herbicides, Pesticides, PCB's, Priority Pollutant Metals, Total Solids (%), Polyaromatic Hydrocarbons (PAH's), Volatile Organics (VOA's), and SemiVolatile Organics (Semi-VOA's). All samples were analyzed using Standard EPA Detection Methods or U.S. Army Corps of Engineers (USACOE) Dredge Materials Methods. A copy of the laboratory analytical results is included in the Appendix of this document.
Sediment Concentrations -Priority Pollutant Metals
Of all the Priority Pollutant Metals, ten (10) metals had detectable levels in the sediments. The detected metals included Arsenic, Beryllium, Cadmium, Chromium, Copper, Lead, Mercury, Nickel, Selenium, and Zinc. The concentrations for each analyte detected in South Sediment Sample Location 1 (S-1), and North Sediment Sample Location 2 (N-1), are listed in the table below. The metal concentrations are in mg/kg or parts per million (ppm). The chemical concentrations provided in these documents are conservative guidelines for the evaluation of sampling data at sites that are being considered for environmental assessments. These concentrations are screening guidelines and are not enforceable cleanup criteria. The guidelines stress that these data serve as a starting point to establish whether or not a more rigorous assessment is warranted, and should be used in cases where insufficient data have been gathered.
From the comparisons of the Royal Marina sediment metal concentrations to various environmental criteria, the following can be stated:
• The two sample locations, S-1 and N-2, had relatively similar chemical concentrations.
The calculated average of the two sample locations is a likely representative of the average metal concentrations in the Royal Marina sediments; except for Cadmium, where the difference between S-1 and N-1 concentrations is more than doubled.
• Arsenic concentrations did not exceed any of the criteria.
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• Beryllium concentrations did not exceed the Range or Mean of Eastern U.S. Soils. No other environmental criteria were available for comparison.
• The average Cadmium concentration exceeded the Eastern U.S. Soil Range and all Criteria.
• The average Chromium concentration fell within the range of expected Eastern U.S. Soil
Concentrations and below the EPA Region 3 Criteria, but slightly exceeded the Mean Soil Concentration and NYDEC levels.
• The average Copper, Lead and Mercury concentrations fell within the range of expected Eastern U.S. Soil Concentrations, but exceeded the Mean Soil Concentration value and both the NYDEC and Region 3 Criteria.
• The average Nickel concentration fell within the range of expected Eastern U.S. Soil
Concentrations and below the NYDEC and EPA Region 3 Criteria, but slightly exceeded the Mean Soil Concentration.
• The average Selenium concentration did not exceed the Range of Eastern U.S. Soils, but did exceed the Mean Soil Concentration. No other environmental criteria were available for comparison.
• The average Zinc concentration did not exceed the Range or Mean of Eastern U.S. Soils.
It did exceed both the NYDEC and Region 3 Criteria. A comparison of the detected metal concentrations at Royal Marina, to Region 5 Guidelines for the Pollutional Classification of Harbor Sediments, indicate that none of the sediments would be considered Heavily Polluted, and only a couple of metals barely fall into the Moderately Polluted level (Cu and Hg). All other detected metal concentrations found at Royal Marina would fall into Non-Polluted Category.
Sediment Concentrations -Herbicides, Pesticides, PCB's
Neither of the sediment samples had detectable levels of Herbicides, Pesticides nor PCB's.
Sediment Concentrations -Volatile and Semi-Volatile Organics
Some VOAs and Semi-VOAs were detected in the sediment samples. The following lists of chemicals had detectable levels in the sediment samples, and are reported as ug/kg or ppb: As previously mentioned, the chemical concentrations provided in these documents are conservative guidelines for the evaluation of sampling data at sites that are being considered for environmental assessments. These concentrations are screening guidelines and are not enforceable cleanup criteria. The guidelines stress that these data serve as a starting point to establish whether or not a more rigorous assessment is warranted, and should be used in cases where insufficient data have been gathered.
The table above provides the Average VOAs and Semi-VOAs concentrations in the Royal Marina sediments and the available environmental data for comparison. From this comparison, the following chemicals revealed concentrations that exceeded at least one of the environmental screening criteria: acenaphthylene, benzo(a)anthracene, and chrysene.
In the cases of acenaphthylene and chrysene, there was only one screening value available. The two chemicals both exceeded the guideline level. However, in both cases the detected values were just over the screening guideline levels. In the case of benzo(a)anthracene, the detected concentration exceeded the Region 3 value, but was lower than the EPA Interim Sediment Criteria Value.
No sediment criteria could be found for the following chemicals: 1, 2, 4-trimethylbenzene, m, pxylene, benzo(k)fluoranthene. A more thorough evaluation of toxicological reference literature would need to be completed to determine if guidelines exist for these chemicals.
Sediment Data Conclusions and Discussion
Of the metals detected in the Royal Marina sediments, Cd, Cu, Pb, and Hg were the chemicals that exceeded the EPA Criteria and the mean value for expected soil concentrations in the Eastern United States. Cadmium concentrations exceeded the range of expected soil concentrations for the Eastern States.
A comparison of the detected metal concentrations at Royal Marina, to Region 5 Guidelines for the Pollutional Classification of Harbor Sediments, indicate that none of the sediments would be considered Heavily Polluted, and only Copper and Mercury (Cu and Hg) barely fall into the Moderately Polluted level. All other detected metal concentrations found at Royal Marina would fall into Non-Polluted Category.
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No herbicides, pesticides nor PCBs were detected in the samples. From a comparison of the average VOA and Semi-VOA concentrations to two (2) EPA guideline levels, the following chemicals revealed concentrations that exceeded at least one of the environmental screening values: acenaphthylene, benzo(a)anthracene, and chrysene. In the cases of acenaphthylene and chrysene, there was only one screening value available. Both averages exceeded the guideline level, however, in both cases the detected values were just over the screening guideline levels. In the case of benzo(a)anthracene, the detected concentration exceeded the Region 3 value, but was lower than the EPA
Interim Sediment Criteria Value
The detection of polyaromatic hydrocarbons (PAHs) in these sediments is potentially linked to coal dust particles, which are ubiquitous throughout the sediments in this region. If the source is coal dust, then it is likely that the PAHs are in particulate, or non-soluble, form. In particulate form, PAHs are less bioavailable to potential human or wildlife receptors.
A cursory comparison of the detected chemical concentrations found at the Royal Marina to previous sediment metal concentrations, detected from four separate sampling periods between 1991-1995, at Newark Bay, Arthur Kill and East River Bays indicates that these concentrations, at Royal Marina, are well below the measured levels found at the other NY/NJ locations. In many cases the Royal Marina sediment concentrations were an order of magnitude or more lower than the other NY/NJ sites. The Table below provides a comparison of the Royal Marina averages compared to the NY/NJ Harbor Concentration Levels. It should be noted, however, that the contaminant levels within the above noted contained embayments may be substantially higher than rest of the harbor. Table above , the average concentration for acenaphthylene for the Newark Bay, Arthur Kill and Newtown Creek was 1021 ug/kg whereas, the acenaphthylene concentration detected at Royal Marina was 57.5 ug/kg; and the average concentration for the other sites for benzo(a)anthracene was 3572 ug/kg, while the average benzo(a)anthracene concentration at Royal Marina was 386 ug/kg. In the case of metals, Lead (Pb) concentrations at the other sites were between 50 -990 mg/kg versus 47.85 at the subject site. Cadmium (Cd) concentrations were between 8 -22 mg/kg at the NY/NJ sites and at the subject site the average was 1.58 mg/kg. The levels of Cu and Hg reached as high as 970 mg/kg and 31 mg/kg, respectively. In comparison, the average Cu value was at 71.5 mg/kg and the average Hg concentration was 0.86 at Royal Marina.
As expected the chemical concentrations detected in the Royal Marina indicate that the sediments have most likely been affected by anthropogenic chemical sources. This is more apparent with the Semi-VOAs than with the metals; since most of the metals fell within naturally occurring metal concentrations for soils in the region. The exception being the detected cadmium levels, which exceeded the range of regional cadmium concentrations. In the case of the PAHs, there is some likelihood that these chemicals can be attributed to coal dust that is pervasive throughout the waterways in the region. There is an auspicious lack of Volatile Organic (VOA), Herbicide, Pesticide and Polychlorinated Biphenyl (PCB) concentrations in the sediment samples. Furthermore, none of the detected chemical concentrations from the Royal Marina indicated that the sediments were grossly contaminated by any single chemical or group of chemicals -especially when they are compared to other sediment samples collected from the NY and NJ harbors nearby. The urban soil environment is typified by human disturbance. Some of the more visible disturbances are construction projects, cutting and filling to make building sites, and garbage dumps. Other less apparent disturbances are caused by automobile exhaust, urban dust and manufacturing or building emissions, which contribute a significant amount of contaminant material to the soil. These human inputs can greatly change the ways that soils must be managed. In an effort to meet the needs of the urban soil managers, Cornell University, in partnership with the Natural Resource Conservation Service and the New York City Soil and Water Conservation District, began a pilot study in this survey area to test the methods and procedures of predicting heavy metal distribution in urban soils.
Heavy Metal Study for
Heavy metals are found naturally in undisturbed soils and, in fact, small amounts of many metals are required by plants to remain healthy. The heavy metals found in soils come from three major sources: (i) the rocks from which the soil is formed; (ii) the atmosphere which carries small heavy metal particles from exhaust, emissions, and other soils to later be deposited on land; and (iii) the disposal of material contaminated with heavy metals, such as occurs with garbage dumps and with polluters dumping waste on the side of a road. This last source can create patchy points of contamination which are of high concern and pose possible dangers to people in contact with the contaminated soils.
A number of chemical reactions control the behavior of heavy metals in soils. In technical terms, these reaction mechanisms include cation exchange, specific adsorption, co-precipitation, and organic chelation (Alloway, 1995) . These reactions control the exchange of heavy metals between the soil particles and soil water. Most heavy metals are stored in the soil, usually attached to organic matter and clay. Once in the soil water, heavy metals may move within the soil profile, are available to plants, and can be leached into groundwater.
Large concentrations of heavy metals in soil present a number of concerns to local citizens. These concerns include: (i) toxic effects on plants resulting from uptake of heavy metals by garden and yard plants grown in contaminated soil; (ii) eating contaminated plant tissues as well as eating and breathing of soil and dust, particularly by children; (iii) the possible harmful effect of direct skin contact with metals (iv) pollution of water resources; (v) fire and explosions, and (vi) chemical attack on building materials (ICRCL, 1987) .
The objective of the heavy metal component of this soil survey is to determine the presence and concentration of 18 heavy metals within the demonstration area (Fig. 21) . The metals being identified are aluminum, boron, cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, nickel, phosphorus, potassium, sodium, sulfur, titanium, and zinc. The study will determine the changing concentrations of heavy metals from the surface to a depth of 90 centimeters (cm) within individual soils as well as the concentration differences between different soils within the demonstration area. The local scope of the study will determine the ability of conventional soil mapping to provide sufficient knowledge of concentrations of heavy metals within the mapped soils.
The survey is complicated due to the nature of the human disturbance which resulted in the distribution of heavy metals. Dumping contaminated materials, such as paint, oil, and household cleaners, often results in patchy and irregularly placed heavy metal contamination in places that are hard to detect or locate. It is common for great differences to exist in heavy metal concentration even within a small area. More uniform distributions of heavy metals occur from sources such as automobile exhaust, manufacturing and building emissions, and urban dust blown by the wind. These inputs increase heavy metal concentrations evenly on soils over a large area, so their concentrations are fairly easy to find, describe, and predict. This mixture of disturbance patterns, patchy and uniform, requires careful and extensive soil sampling. The sampling procedure will provide information about heavy metal concentrations across the landscape and throughout the soil profile, not just at one point in the soil. To meet this need, we are using linear transects, nested sampling, semi-stratified and stratified grid samples to determine the heavy metal concentrations on this changing landscape. By focusing on a local area, we hope to determine the best sampling protocol for each heavy metal which can then be applied to the larger urban area. To illustrate these distribution patterns, Figure 21 shows the surface soil lead contamination in the survey area. The map was developed by plotting sample concentrations at each sample site and developing concentration gradients between the sites. The points on Figure 21 represent the sampling sites, the lines show either roads around the park or trails in the park, and the different colors show relative concentrations of lead. In this case, the highest concentration of 9003 parts per million (ppm) of lead is found on the right (eastern) side of the map, while the lowest concentration of 6 ppm is shown at the lower right (north central) section of the map. This information is extremely important as it allows users to predict heavy metal concentrations in the soil Another important piece of information available from the samples is the behavior of heavy metal concentration within an individual soil. Penwood soils are relatively undisturbed, and the majority of contaminant heavy metals in these soils have been deposited from the atmosphere. In Figure 22 , the bar graph examines the ppm of manganese and lead at different depths in a Penwood soil. The bottom bars of Figure 22 show the average concentration from the top of the soil to a depth of 30 cm. The remaining rows show the concentrations found at specific depths. The results from Figure 22 become clear when one knows the likely concentrations of these heavy metals in an uncontaminated "natural" soil. Heavy metals come from parent materials, and their concentration will typically increase with soil depth due to two processes. One is soil formation from rock parent material which has higher concentrations of heavy metals; the other is deposition of materials at the soil surface, such as plant organic matter, which typically contain low heavy metal concentrations. As the soil materials from these two processes mix, a gradient of increasing concentration is created through the soil profile. This pattern of increasing heavy metal concentration with increasing depth of the soil can be seen by the manganese concentration in Figure 22 . At 0 to 5 cm the concentration is 149.9 ppm, while at 60 to 90 cm the manganese concentration is 293.8 ppm. Lead has a different distribution in urban soils, which is shown in Figure 22 where lead decreases with depth. While lead is found in undisturbed soils at concentrations of less than 20 ppm (Davies, 1995) , lead in Penwood soils was found to have a concentration of 152.6 ppm at 0 to 5 cm. A depth of 60 to 90 cm had a concentration of 7.8 ppm. The decrease of lead concentration with increasing depth can be explained by its deposition from the atmosphere. Automobile exhaust, urban dust, and atmosphere deposition create concentrations of lead on the surface greater than the amount contributed by the rock parent material.
19-42
Once the distribution and concentration of heavy metals at each depth within a soil is determined, it will be possible to determine optimum plant rooting depths by park managers or soil management needs for children's playgrounds where there is a worry of soil with high levels of lead. The local focus allows concentrated analysis of soil information as well as the examination of the effectiveness of the sampling methods. This information allows us to determine if conventional soil mapping techniques can be used to determine heavy metal concentration throughout New York City. If the results from the heavy metal component can be added to the entire soil survey, they will provide added important information for development and application of urban land management strategies. Additionally, through experimentation with the sampling methods the study has used, we will be able to determine the most effective approach to find and identify these 18 heavy metals in the patchy urban soil environment. Once the distribution of heavy metal in each soil is determined locally, it may be possible to predict the overall concentration of heavy metals in each specific soil using a limited number of samples. Understanding the distribution of heavy metals in the landscape and within each specific urban soil will increase the effectiveness of sampling and 19-43 analysis of that soil, and thus decrease the investment in time and money while still meeting the specific needs of urban planners, scientists, and managers. Knowledge of the heavy metal concentrations of urban soils is an important first step towards effective land use planning.
